Introduction
In the course of recent studies on the enzym ology o f gallotannin biosynthesis in oak leaves it has been shown that ß-glucogallin, the first interm ediate in that pathway [1] , is formed from U D P-glucose and free gallic acid under the catalysis of a specific glucosyltransferase [2, 3] . Further experim ents re vealed that the group-transfer potential of this ester is sufficiently high to permit subsequent transacylation reactions [4] , Besides one enzym e catalyzing an exchange reaction between ß-glucogallin and free glucose [4, 5] , other enzym e activities have been de tected that caused the formation of di-and trigalloylglucose [4] . With respect to digalloylglucose, it became evident that this com pound was synthesized by a new reaction mechanism in which ß-glucogallin is utilized as both acyl donor and acceptor m olecule. M eanwhile, this conclusion has been supported by the isolation of two analogous acyltransferases catalyzing the synthesis of 1,2-disinapoylglucose from 1-sinapoylglucose in radish seedlings [6, 7] , and of 3,5-dicaffeoylquinic acid from chlorogenic acid in sweet potato roots [8] . H ere, we report on the partial purification and the characterization of the digalloylglucose-synthesizing enzym e from oak leaves, and particularly on the identification of the reaction product and the stoichiometry o f the reaction.
Abbreviations: H PLC , high perform ance liquid chrom atog raphy; TLC , thin-layer chrom atography.
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Material and Methods

Chemicals and isotopes
ß-Glucogallin was synthesized from 2,3,4,6-0-tetraacetyl-ß-D-glucose and triacetylgalloylchloride (cf. 
Results
E n zym e purification and stability
The galloyltransferase was isolated from young oak leaves (ca. 2-to 3-months-old) which did not yet contain the viscous mucilage characteristic of older leaves that had occasionally inhibited previous inves tigations (c/. [3, 5] ). In the standard purification se Table I . Purification of ß-glucogallin: ß-glucogallin 6-0-galloyltransferase. Enzyme ac tivities were determ ined by the H PLC -m ethod (cf. M aterials and M ethods and Fig. 3 ).
Step In initial experim ents, a contaminating esterase ac tivity had been observed that effectively hydrolyzed ß-glucogallin (see also ref. [5] ). This disturbing en zym e could be elim inated almost com pletely in the course of the purification procedure. M oreover, crude extracts were often found to catalyze, besides digalloylglucose, the formation of trigalloylglucose and higher substituted derivatives, too. These differ ent galloyltransferases were effectively separated from the enzyme described here by the ultimate two purifications steps.
General properties
U nder standard assay conditions, the enzymatic reaction was linear with respect to protein concentra tion up to about 3 ng (ca. 4 pkat) of hydroxyapatitepurified enzym e, and was also linear with time for 90 min; maximal conversion was reached after about 5 h incubation. The temperature optimum of the reaction was at 30 °C; heat denaturation was ob served at 55-60 °C. Surprisingly, a relative enzym a tic activity o f 25% was found even at 0 °C. Betw een 0 °C and 20 °C, an average activation energy of 42.2 kJ/mol (10.1 kcal/mol) was calculated which is equivalent to a Q 10-value of 1.8. The effect o f pH on the stability of the enzyme and on the velocity of the reaction is depicted in Fig. 1 . The optimal pH was pH Fig. 1 . Effects of pH on activity and stability of the galloyltransferase. The activity of the enzyme was m easured under standard assay conditions at the indicated pH-values. To test the stability, the enzyme was exposed for 1 h at 30 °C to the pH-values given with subsequent determ ina- From gel-filtration experiments with a calibrated Sephacryl S-300 column (Pharmacia; cf. ref. [11] ) an apparent molecular weight of about 400000 dalton was estim ated for this enzyme.
Reaction produ ct
Preliminary experim ents, based on TLC-analysis of the reaction products obtained after incubation of [14C-glucosyl]ß-glucogallin together with enzym e, showed that the substrate was converted to a higher galloylated labeled derivative that cochromatograph- 1,12] ).
In this context, it should be m entioned that also a second fraction was obtained in the above experi- Fig. 4) . The situation is com plicated, however, by the existence of a contaminating ester ase producing gallic acid and additional glucose from the substrate. Assuming that gallic acid is exclusively formed by this latter process, the amount of this compound can serve to correct the m easured con centration of ß-glucogallin and glucose. U nder these conditions, and as summarized in Table II , it is evi dent that the observed molar ratios o f substrate con sumption and product formation are fully consistent with the expected reaction equation.
Discussion
The properties of the enzyme described here re veal it to be a typical acyltransferase that catalyzes the transfer of the galloyl moiety of ß-glucogallin Fig. 4) . Consequently, the substrate ß-glucogallin exerts a dual role as both acyl donor and acceptor m olecule. Since no reaction occurred when isomeric 6-galloylglucose was assayed as a potential substrate it appears that the higher level of free energy characterizing the 1-0-ester is a necessary prerequisite for such a conversion. Unfortunately, no other acylglucoses were available to us for sub strate specificity studies, except for a sample of 1-0-benzoylglucose that was active under standard assay conditions indicating that the affinity of this acyl transferase is not restricted to the galloyl ester. W e are presently concerned with the synthesis and char acterization of various glucose esters of aromatic acids as a prerequisite for studies on these aspects.
Summarizing the data available to date, the acyl transferase described here represents a new enzym e 1,2,6-tri-, 1,2,3,6-tetra-and  1,2,3,4,6 -pentagalloylglucose by similar m echa nisms. Quite recently, substantial amounts of the lat ter two com pounds have been isolated also from oak tissue cultures [13] . Two challenging questions arise from these results, namely first, does the above se quence o f increasingly galloylated glucoses repre sent, at least in oak, the natural biogenetic route to pentagalloylglucose, the parent compound of gallo tannins and ellagitannins? And second, is it legal to assume that the reaction mechanism described here, i.e. transfer of galloyl residues with ß-glucogallin as donor m olecule, does represent the general mode how the individual steps along this pathway are catalyzed in vivo? It is hoped that current investiga tions in our laboratory will contribute to the clarifica tion of these aspects. 
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